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CTaTbA TOCBAIIeHa OOOOLICHHIO H3BECTHbIX 
MOJXOJOB K OI[CHKe PHCKa 3]}OPOBbiO HaceJICHHA 
KPyYNHBIX TOpOOB, MpHHATEIX B Poccuvickon 
Meylepauuu u Oa3supyroliMxca Ha UCCueOBaHuu 
3aBHCHMOCTH «03a-39@eKT» WIA MOpPOroBbix 
TOKCHK@aHTOB, a TaKxKe Ha ABTOPCKONM MeTOKe 


OI[CHKU 9KOJOrMYeCKOn KOM@OpTHOCTU 
TeppuTopuHi. OOcyxTaloTca JOCTOHHCTBa U 
HeJOCTaTKH YKa3aHHbIX BBIINe  MOXOOB, 


pa3pa0oTaHbI Hay4HO-MeTOMYeCKHe MOAXObI U 
peKOMecHyAaluu K OWeCHKe PHCKa 30pOBbIO U 
QKOJOrM4YeCKOH KOM@OPTHOCTH JIX HacesIeHuA 
KPYNHBbIX ropoz0B Poccuu. 


KuroueBbie CJ10Ba: ONUCHKa PUCKa 3TOPOBb!O, 


3aBHCHMOCTb «103a-3PMeKT»», TIOpOroBble 
BeIeCTBA, KaHIeporeHHble BeIeCTBA, 
OecnoporoBble BeIILeCTBA, 9KOUIOrM4eCKad 
KOM@OpTHOCTB. 


BsBejenne. B kone XX — Hayane X XI BeEKOB 
yBeIM4eHHe YAMCIICHHOCTH HaceJIeHHA TOpPOOB 
WHUMUMUpoBaln ycyryOmeHue TakKHX COIMasIbHO- 
9KOJIOFMYeCKHX TpoOseM, Kak yxXyJWeHve COCTO- 
AHUA 320POBbA HacesIeHHA, COKpallleHve Mpo- 
JOJDKUTeCJIBHOCTH %KH3HH, BO3pacTaHwve 4Hcila 
KaHI[epOreHHBIx 3a00JIeBaHHH U Wpoyee. Tora, B 
CBA3H C OOOCTpeHHeM HeraTHBHbIX B3aMMOOTHO- 
IWeCHHH MExKTY UpHposOU U OOM[ECTBOM, BO3HUK- 
a OCTpad HeEOOXOAMMOCTE B OIeCHHBAHHU Bpeya 
3}0POBbIO 4eJIOBeKa, HAHOCMMOTO CO CTOPOHBI 
OKpyxKarollleH Cpebl HeyYAOBJICTBOPUTeJIBHOTO 
KauecTBa, a TakKxKe B BbIPAOOTKe NOHATHA «IKOIIO- 
ruyeckad KOMMOPTHOCTb» WH POPpMHpOBaHHUN T0- 
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The article is devoted to generalization of the 
known approaches to health risk assessment in 
large cities adopted in the Russian Federation and 
based on the study of “dose — effect” dependence 
for threshold toxicants, as well as the author's 
methodology for assessing the environmental 
comfort of territories. The advantages and disad- 
vantages of the above-mentioned approaches are 
discussed, scientific and methodological ap- 
proaches and recommendations to the assessment 
of health risk and environmental comfort for the 
population of large cities of Russia are developed. 


Key words: health risk assessment, "dose — ef- 
fect" dependence, threshold substances, carcino- 
genic substances, non-threshold substances, envi- 
ronmental comfort. 


Introduction. At the end of the XX — the 
beginning of the XXI centuries, the increase in 
the population of cities initiated the aggravation 
of social and environmental problems such as 
health deterioration of the population, life expec- 
tancy reduction, the increase in the number of 
carcinogenic diseases and so on. Then, due to the 
aggravation of the negative relationship between 
nature and society, there was an urgent need to 
assess the harm to human health caused by the 
poor quality of the environment, as well as to de- 


velop the concept of "environmental comfort" and 
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Ka3aTeen JIA ee NOCTWXKeCHHA. 

Ilo 9sTOM Tpu4HHe ObWIM CPOpMyMpOBaHBbI 
OCHOBHBbIle IIPHHIUMMbI OTEYECTBCHHOM MeTOJMKU 
OI[CHKH PHCKa 3JOPOBbIO HaceJIeHHA, 4TO BIIO- 
CHEJICTBUM MO3BOJIMJIO CO31aTb pa3sIM4HbIe Moe- 
mu. B 4acTHOCTH, ObLIM pa3pad0oTaHbI CJeJLyro- 
Me MOJeIM ONeCHKH, KOTOPbIe MOXKHO YCJIOBHO 
pa3leIMTb Ha JiBa KyIacca: 

— MOjleIM, Oa3MpyrolMeca Ha OLleHKe 3aBH- 
CHMOCTH «03a-9P@eKT» IX MOPOroBbIx Be- 
II[CCTB; 

— MOJeIM, Ipeqmoararomlue OlleHKY ypOBHA 
pucka 32,0PpOBbiO Jit OCCMOPOroBbIX, B TOM 4HC- 
le KAHITEpOreHHBIX BersecTs |] J. 

B 9TOW CBA3H [esIbIO JaHHOTO UCCIeqOBaHHA 
ABJIACTCA OOOOMEHHE MOAXOAOB K OLleHKe pucKa 
3JJOPOBbIO JIA MOPOrOBbIX BeIIeCTB HU IKOJOU- 
YeCKOH KOMMOPTHOCTH JIA HacesIeHHA KPYyHHBbIxX 
TOPOAOB, a TakxKe pa3padoTKa HU W310%KeHHE CO- 
OTBeETCTBYIOINMX Hay4HO-MeTOMYeCKHX TOJIXO- 
JOB K YIOMAHYTON OeHKe. 

OO030p H3BeCTHBIX MeTOJOB OLCHKH puicKa 
paspadoTKa Hay4HO-MeTOAM4eCKHX I0AX00B 
K ero oleHKe. CyllecTByeT JOCTaTOUHO MHOrO 
TOJIXOJIOB K OIeCHKe PHCKa 30POBbIO HacesIeHuA 
KPYNHBIX FOPOOB, B TOM 4MCIIe U JIA MOpOroBbix 
BellecTB. Handoslee paciipoctpaHéHHble 43 HX 
IIPHHATbI Ha TOCyAapCTBeHHOM YpOBHe HU 3J10%Ke- 
HbI B COOTBETCTBYIOINMX MCTOJIM4eCCKUX PCKOMCH- 
nauuax (MP 2.1.9.003—-03), B KoTOpBIx Toy 
PHCKOM 320POBbIO NOHUMaeTCA BEPOATHOCTE pa3- 
BUTHA HeOaronupuATHOrO 92ddekTa y MHAMBULY- 
yMa WJIM TpyMibl JOE Mp BO3AeMCTBHM oTpe- 
JeNCHHOK O3bI WIM KOHIeCHTpalluu olmacHoro 
areHta [2]. I]pumMeHutTesbHO K BO3eHCTBUIO He- 
ONarONpHATHBIX (MaKTOPOB OKpy2KaroOlleH Cpebl, 
puck — 9TO OxKUTaeMad YacTOTa BpeHBIX (HerKe- 
WaTeIbHbIX) IPdeKTOB y HaceJIeHHA, BOSHUKAarO- 
IMX OT 3ajaHHOrO BO3JCMCTBUA 3arpaA3HAFOIerO 
BelljecTBa. Puck xapaKTepu3yeTCA TpeMs# acrieK- 
TaMW: BepOATHOCTb, TOCIeCTBHA pean3alluu 
pucKa, 3Ha4YMMOCTS WoceyCTBUH [3]. 

IiIupokoe pacnpocTpaHeHue olleHKa pucKa 
30pOBbio B Poccuuickon Deyepaluu Nowy4nia B 
koHe 90-x rogoB, TOra UW BO3HUK px, METOHK. 


OleHKOM pucKa CTasIM 3aHHMaTbCA W3BeCTHbIeC B 





the formation of indicators for its achievement. 

For this reason, the basic principles of the na- 
tional methodology for health risk assessment 
have been formulated, which subsequently made 
it possible to create different models. In particu- 
lar, the following assessment models have been 
developed, which can be divided into two classes: 

- models based on “dose-effect” relationships 
for threshold substances; 

- models for assessing the level of health risk 
for non-threshold substances, including carcino- 
gens [1]. 

In this regard, the aim of this study is to gen- 
eralize approaches to health risk assessment for 
threshold substances and environmental comfort 
for the population of large cities, as well as to de- 
velop and present appropriate scientific and 
methodological approaches to the assessment. 

Review of the known risk assessment meth- 
ods and the development of scientific and 
methodological approaches to risk assessment. 
There are quite a few approaches to health risk 
assessment of large cities population, including 
threshold substances. The most widespread of 
them are accepted at the state level and stated in 
the corresponding methodical recommendations 
(MR 2.1.9.003—03) in which risk to health is un- 
derstood as the probability of development of ad- 
verse effect for an individual or a group of people 
at the influence of a certain dose or concentration 
of a dangerous agent [2]. With regard to the im- 
pact of adverse environmental factors, the risk 1s 
the expected frequency of harmful (adverse) ef- 
fects for the population arising from a given ex- 
posure to a pollutant. Risk is characterized by 
three aspects: probability, consequences of risk 
realization, significance of consequences [3]. 

Health risk assessment was widespread in the 
Russian Federation in the late 1990s, when a 
number of techniques emerged. The risk assess- 


ment was carried out by the known doctors of 
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HacTOAIee BPeMA JOKTOPa MeMIIMHCKHX HayK A. 
B. Kucenés, K. b. Opuaman, C. JI. ABasimannu, Ko- 
TOpble pacCMaTpHBaJIM PHCK UCKJIFOUHMTeEIIbHO C 
MeJIMIIMHCKOH  TOUKH 3peHHa. Hapayy c BBIIIIe- 
IIpHBeJJEHHbIMH MeTOMKaMH, MOABMJIaCh MeTOJIU- 
Ka Jpyroro xapakTepa — OKTOpa Treosloro- 
MUHepasormyueckux HayK II. A. Baranosa. B Heri 
OI[eHMBaeTCA YacTOTa BO3HHKHOBeCHHA OMOIHH- 
TeJIBHOrO PHCKa, TO CECTb HeOAarOMPUATHBIX CHTY- 
alIMH, MOABJIAIOIMXCA IPH Ope esIeHHbIX KOH- 
KpeTHBIX BO3JCMCTBHAX, KaK JJOMOJIHeEHHe K OC- 
HOBHOMY PHCKy 30poBbrO. OueBu HO, 4TO JaH- 
Had MeTOMKa He pacCMaTpHBaeT CaMy BeJIMUMHy 
plcKa HU ABJIACTCA CMHCTBCHHON B CBOEM pore. 

Kak paHee OTMe4asIOCbh B JaHHOM CTaTbe, 10 
CUX IlOp He CylecTByeT CEHHOHM MeTOHKH, KOTO- 
pad Morya ObI y4ecTb BCe MapaMeTpsI, HeOOxoH- 
MBble JIA HanOoslee a[eKBaTHOrO U MpuOsIMKeHHO- 
TO K peayIbHOCTH pe3yibTaTa. B TeueHHve BCeu 
2KW3HU YeJIOBEK COBeEPIICHCTByeT CHOCOObI OLeH- 
KH PHCKa 3]}0POBbIO BO B3aMMOCBA3H C KA4eCTBOM 
OKpyxKaroll[eH cCpebl, cO3qaeT CBOHW MepcoHalib- 
Hble KputTepnu pucka. Ilopeyenue ero HalipaBsIeHo 
BO MHOIFOM Ha CO3HaTeJIbHOe yIIpaBJIGHHe PHCKOM. 
Baio Ob! HelIpaBYJIbHbIM He UCIOIb3OBaTb TaKOW 
39MeKTHBHEIM NPHpOHbIN MexaHi3M B pellleHHu 
3aya4d, CBA3AHHBIX C TpeayipexeHHeM OTpHIla- 
TCIbHOrO BO3eMCTBHA (akTOpOB OKpy2Karollel 
CpebI Ha 340pOBbe HaceJIeHHA, KaK IpOrHosupo- 
BaHHe U yiipaBsieHHe [4]. 

Jina co3qaHua B MepBoM TIpHOsMKeHHM aeK- 
BaTHOTO MeTOJa OLCHKH PHCKa 3OPOBbIO JIA I0- 
POrOBBIX BelleCTB B aHHOM HCCIeqOBaHHU U3y- 
YeHbI HEKOTOPble W3 OCHOBHBIX CYIIeCCTBYIOIINX 
MCTOJIMK, BbIABJICHbI UX JIOCTOMHCTBA HU HeOCTAT- 
ku. Ha OCHOBaHMH ZTOTO CeaH OOUIMH BBIBOT U 
OOO3HaYeHBI HEKOTOPbIe MOAXObI, HEOOXOUMBIe 
JIA CO32aHHA YHUBepCcaIbHOrO MeTOJa HU pa3pa- 
OOTKH Hay4HO-MeTOAM4eCKHX OCHOB OO03HadeH- 
HOM OL[eCHKUH. 

Ha rocyyjapcTBeHHOM ypoBHe B 2004 roy B 
Poccuu ObluIo MpHHATO PyKOBOJICTBO HO OLeHKe 
plckKa JIA 3HOpOBbA HaceJICHHA IPH BO3eHCTBHU 
XMMVMYeCKHX BCIICCTB, 3alpA3HAFOWIMX OKpy2Kalo- 
utyro cpezy (Pykopoyctso P. 2.1.10.1920—04), B 


KOTOPOM IIpeC]ICTaBJICHbI] OCHOBHbIC WOJOKCHHA 





medical sciences A.V. Kiselev, K.B. Fridman, 
S.L. Avaliani, who considered risk only from a 
medical point of view. Along with the above 
mentioned techniques, there is a technique of a 
different nature developed by a doctor of geologi- 
cal and mineralogical sciences P.A. Vaganov. It 
assesses the frequency of occurrence of additional 
risk, that is, adverse situations that occur under 
certain specific effects, as a supplement to the 
main health risk. It 1s obvious that this technique 
does not consider the size of risk and is the only 
one of its kind. 

As it was noted in this article, there is still no 
single methodology that could take into account 
all the parameters necessary for the most ade- 
quate and real result. Throughout life, a person 
improves the ways of health risk assessment in 
relation to the quality of the environment, creates 
his/her personal risk criteria. The behavior is fo- 
cused mainly on conscious risk management. It 
would be wrong not to use such an effective natu- 
ral mechanism in solving problems related to the 
prevention of negative impact of environmental 
factors on the health of the population as forecast- 
ing and management [4]. 

In order to create an adequate method of 
health risk assessment for threshold substances in 
the first approximation, in this study we has ex- 
amined some of the main existing techniques, re- 
vealed their advantages and disadvantages. On 
this basis, a general conclusion is made and some 
approaches necessary for the creation of a univer- 
sal method and the development of scientific and 
methodological foundations of the designated as- 
sessment are outlined. 

At the state level, in 2004, Russia adopted the 
Guidelines on the assessment of risk to public 
health from exposure to chemicals that pollute the 
environment (Guidelines R. 2.1.10.1920—04), 
which presents the main provisions of the meth- 


odology for risk assessment, in particular, de- 
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MeETOJIOJIO“HH 10 OLGHKe PHCKa, B WaCTHOCTH, I0- 
JIPOOHO pacCMOTPeHbI MeTOJMKU pacuéTa pucKa 
TIP pa3sIM4HbIX IKCHO3HUMAX TpuMecet. 

B Hay4HOM OTHOIIeCHHH B JaHHOM PykosBoJ- 
CTBe TIO], OL[CHKOM PHCKa 30POBbIO TOHHMarOT 
MOCWeOBaTesIbHOe, CHCTEMHOe paccMOTpeHHe 
BCeX aACIICKTOB BO3JIEHCTBHA aHasIM3upyemMoro 
(bakTOpa Ha 3JJ0pOBbe 4esIOBeKa, BKIIIOUaA OOO0C- 
HOBaHHe JOMYCTMMBIX YpOBHeH BO3,CHCTBHA. 

IlomHasa (0a30Baa) CXeMa OI[CEHKH PUCKa peyly- 
CMaTpHBaeT IIpOBeeHHe YeTHIPeX B3AMMOCBA3AH- 
HbIX ITANOB: UACHTHMUKAUMA ONACHOCTH, OLeHKa 
3aBHCHMOCTH "J103a-OTBeCT", OLICHKAa 3KCHO3HIMH, 
XapakTepucTuKa pucka. Ilepexq mpoBeyeHuem Uc- 
CIIC-HOBaHHH MO MOJHOW CxeMe YETKO OlpeyesA- 
FOTCA IeIM VU 3aa4u UcceOBaHuu, (OopMuUpyertcA 
Tpyniia UccweqOBaTesIeH, B KOTOPylO BKJIFKOUaIOT 
Kak CIleI[MasIMCTOB 110 OI[eHKe PUCKa, TaK HU TOKCH- 
KOJIOTOB, XMMUKOB, TEXHOJIOFOB, JIM, KOTOPbIe B 
TOcHeyIOUuleM OyAyT pa3paOaTbIBaTb BapvaHTHI 
ylipaBJICH4eCKHX pellleHHi UW TIPHHUMAaTh pellleHuA 
10 HX peasM3alnu. 

HecMorTps Ha O4eBHHBIe JIOCTOHHCTBA, aHHaA 
CXeMa OI[CHKH PHCKa, 13J10%KCHHad B PyKOBOJICTBE, 
MMeeT HeKOTOPbIe HeOCTATKH: He Y4HTbIBACT 
CIHOCOOHOCTB BEeLIIeCTB OOpa30BbIBaTb CJIO2XKHbIC 
COC MHeHUMA, HAaXOJACh B BO3J{YIIHOM IIpoctTpaH- 
CTBe; paccuHTaHa C Y4YETOM CpeJIHeH MaCccBI YeIo- 
Beka, 6e3 yuéTa MpebIyUIMxX WU BO3MOXKHBIX B 
HacTOsAMMH WepvHoy 3a001eBaHHi; OCHOBaHa Ha 
HOPMaTHBHOM peryiameute ITJIK. 

Mertoguka A. b. Pepuya, cbopMyMpoBaHHad B 
koHwe XX — Hayate XXI BB., Oa3upyeTca Ha 
MIpOBeCHHH 9XKOJIOLO-ITMACMHONOTMYeCKON pa- 
OoTbI. HecMotps Ha ps, BaXKHBIX MOJIOXKUTEIIBHBIX 
MOMEHTOB (IIPOCTOTa pacueToB, OINeHKa «OTHOCH- 
TeEJIBHOTO PHCKa>>, COOTBETCTBHE pe3yJIbTaTaM UC- 
CNeJOBAHHM MHOCTpaHHbIX aBTOPOB HU JIp.), OHa 
TakoxKe HMeeT pA MpOOIIeM: COXKHOCTb UCCeO- 
BaHHH KOHTPOJIbBHOM Ipyllibl; OTCyTCTByeT yueT 
OTJAJICHHBIX MOCIICCTBUM BO3CUCTBYIOINUX (ak- 
TOPOB; B ypaBHeHHAX MOJIeIH He YUIMTbIBAeTCA 
IKCMO3SHIMA BEILeCTB. 

Mertoymka ONeHKH pucKa, Mpes10x#xXeHHAaA B pa- 
Ootax A. B. Kucenépa, ocHOBbIBaeTCA Ha OOIIIe- 
TIPHHATHIX 


HOPMaTHBHbIx 4t HaydHo- 


tailed methods for calculating the risk of different 
exposures of impurities. 

Scientifically speaking, the Guideline refer to 
health risk assessment as a consistent, systematic 
review of all aspects of health impact of the factor 
under consideration, including the rationale for 
the permissible levels of exposure. 

The full (basic) scheme of risk assessment 1n- 
volves four interrelated stages: hazard identifica- 
tion, “dose-response” assessment, exposure as- 
sessment, risk characterization. Before carrying 
out a full-scale research, the objectives and tasks 
of the research are clearly defined, a group of re- 
searchers 1s formed, which includes both risk as- 
sessment specialists and toxicologists, chemists, 
technologists, persons who will subsequently de- 
velop options for management decisions and 
make decisions on their implementation. 

Despite the obvious advantages, this scheme 
of risk assessment, outlined in the Guidelines, has 
some drawbacks: does not take into account the 
ability of substances to form complex compounds 
in the air; it is calculated taking into account the 
average weight of a person, without taking into 
account previous and possible diseases during this 
period; it is based on MPC regulations. 

The method of A.B. Revich, formulated in the 
late XX — early XXI centuries is based on eco- 
logical and epidemiological work. Despite a 
number of important positive aspects (simplicity 
of calculations, assessment of "relative risk", cor- 
respondence to the results of studies by foreign 
authors, etc.), it also has a number of problems: 
the complexity of the control group studies; there 
is no record of the long-term effects of influenc- 
ing factors; the model equations do not take into 
account the exposure of substances. 

The method of risk assessment proposed in 
the works of A. V. Kiselev is based on the gener- 
scientific- 


ally accepted normative and 


methodological documents, which have the basic 
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METOJIOJIO(HM4CCKHX JIOKYMCHTaX, B KOTOPbIX H3- 
NIOXKCHbI OCHOBONMOIAraroliue MOCTYIaTbI OleHKH 
pucka 30poBbro [5]. Onn, Kak uM pesbyyuMe 
MCTOJMKH, TpewOuaratoT BbIMOJIHeEHHe 4eTbIpex 
OCHOBHBIX 93TAIOB: HICHTUMUKAIMA OMacHOCcTH, 
OlleHKa IKCHO3HIMH, OlleHKa 3ABMCHMOCTH «103a- 
3cpdekT», XapakTepuCcTUuKa PUCKa. 

Jlo303aBUCUMaa peakIMA OpraHv3Ma onpeye- 
JIACTCA SKCIEPUMECHTAIbHO Ha YPOBHE JJOCTaTOUHO 
BbICOKHX, ABHO J[CHCTBYIOINIMX J103, a Ol[eHKa pe- 
aIbHOrO YPOBHA 3arpx3HeCHUA OCYIIeCTBIIACTCA 
MCTOJIOM DKCTpanoJALHH. 

Metronguxa A.B. Kuceyesa, orsmuatomasica 
IIpOCTOTOH HW310%KeHHA UM CPOpMYyI NIA OLeCHKH, 
Oa3upyetca Ha KoHIenlMu ITIK, aro jemaeT ee B 
HeEKOTOPOH CTeIeHH yA3BUMON. 

Hakouell, JIA OMMCaHHA CBA3H MEXKTY O30 U 
OTKJIMKOM Ha Heé, B CJIy4ae MOPOTOBBIX BeIIeCTB, 
B paOotax IJ. A. BaraHopa lpeioxKeHbI Be MO- 
Je: uUHeUHO-KeaOpamuyYHad u Modelb Beubys- 
ja-[ HeOeHKO, KOTOPbIe TWO3BOJIAIOT pacC4uTaTb 
YaCTOTbI (4acTOCTH) JOMOJHUTeIbHOrO pucKa 
3JJOPOBBIO, HCXOA U3 NOHUMAHUA TOrO, UTO PUCK 
— NMOHATHe BeposTHOCTHOe. VW3-3a cnoxKHOCTH 
OI[CeHHBaHHA NWOUHOrO pucKa, B Ciry4ae c Moporo- 
BbIMH BeIIICCTBAMH, PaCCUMTbIBAaeTCA BesIMIMHA 
J[OMOJIHUTeEIBHOrO PHCKa JI KOHKPeCTHOTO TOK- 
CUKaHTa (IIOpOroBOro BelleCTBA). 

BexyluMu KpuTepuaMn JIA BbIOOpa XUMU4e- 
CKUX BeICCTB, HOTCHIMaIbHO YXyIMarOllux 3J10- 
poBbe HaceyleHusa, COormacHo PykOBOJICTBy 0 
OI[eHKe PUCKa JIA 3HOPOBbA HacesICHHA TIP BO3- 
JICHCTBHUH XMMVYeCCKHX BeIIeCTB, 3arpax3HAFOUIMX 
OKpyKarolllylo cCpeyy, JOJDKHbI BbICTYWaTb UX 
TOKCHYeCKHe CBOMCTBA, pacCIIPOCTpaHeHHOCTb B 
OKpyKarolleH cpeyle UH BepOATHOCTb UX BO3eH- 
CTBHA Ha 4eoBeKa. OOs3aTebHO YUINTbIBAFOTCA 
KOJIMYeECTBO BeIIecTBa, MOCTyNarollee B OKpyxKa- 
FOLULY!O Cpeyly; UMCJICHHOCTb HaceJIeHHA, WOTeHIIM- 
aJIbHO TOJBepxKeCHHOrO BO3JICHCTBHIO; BbICOKaA 
CTOHMKOCTb (IlepCHCTeHTHOCTS) BelleCTBa B OObeK- 
Te OKpyKarollen Cpeybl; CMOCOOHOCTB K OnOaK- 
KYMYJIAIMH; CIIOCOOHOCTH BelllecTBa K MexKcpejo- 
BOMY paciipeyesIeHH1O; OMACHOCTh JIA 3O0POBbA 
yYeNOBeKa (CHOCOOHOCTb BbI3bIBATb BPeAHbIe 3)- 


(peKTbI: HEOOpaTUMBIe, OTTAICHHble, OOayaroume 





postulates of health risk assessment [5]. They, 
like previous techniques, involve four main stag- 
es: hazard identification, exposure assessment, 
“dose-effect” assessment, and risk characteriza- 
tion. 

Dose-dependent reaction of the organism is 
determined experimentally at the level of suffi- 
ciently high, clearly acting doses, and the assess- 
ment of the actual level of pollution is carried out 
by extrapolation. 

The method of A.V. Kiselev, characterized by 
simplicity of presentation and evaluation formu- 
las, is based on the concept of MPC, which makes 
it somewhat vulnerable. 

Finally, the works of P.A. Vaganov propose 
two models to describe the relationship between 
dose and response to it in the case of threshold 
substances: linear-quadratic model and Weibull- 
Gnedenko model, which allow calculating the 
frequency of additional health risk, according to 
the understanding that the risk is the concept of 
probability. Due to the difficulty of assessing the 
total risk, in case of threshold substances, the val- 
ue of additional risk for a particular toxicant 
(threshold substance) is calculated. 

According to the Guidelines for assessing the 
risk to public health from chemicals that pollute 
the environment, the leading criteria for selecting 
chemicals that potentially degrade the health of 
the population should be their toxic properties, 
their prevalence in the environment and the like- 
lihood of their influence on humans. It is neces- 
sary to take into account the amount of the sub- 
stance entering the environment; the potentially 
exposed population; high resistance (persistence) 
of the substance in the environment; the ability to 
bioaccumulate; the ability of the substance to in- 
ter-mediate distribution; danger to human health 
(the ability to cause harmful effects: irreversible, 
distant, with a high medical and social signifi- 


cance). In this case, the main and determining cri- 
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BbICOKOM MeJIMKO-COUMaIbHOM 3HAa4HMMOCTBIO). B 
JJaHHOM CiIydae OCHOBHbIMUM VU OMpeeuAFOUIMMU 
KpHTepHAMU (POPMUpOBaHHA MepedHsA WpHoOpuTet- 
HbIX BeIICCTB ABHIIMCbh HaM4ve UW JOCTYIHOCTb 
aJIeKBaTHbIX JI@HHBIX O BeLIeCTBax, HacesIeHHy, 
HOJBeprarolleMyCcA BO3JICHCTBHIO, a TaK2Ke TOK- 
CHUHOCTh BELIeCCTB. 

IIpuMeHeHue JUHeUHO-KeaOpamuYuHOUu ModeU 
HO3BONHIO CPOPMYJIMpOBATh CiesyHOWMe MpoOMe- 
XKYTOUHBIC BbIBOJbI: BEUM4YNHA YACTOTbI BO3HMK- 
HOBCHHA JIOMOJIHUTCIbHOrO PUCKa HalIpsxMy!O 3a- 
BHCHT OT BEJIM4HHBI JO3bI — 4eM BBIIMe 03a, TEM 
BbILIeC BCPOATHOCTb BPO3HHKHOBeCHHA PHCKa 3]10- 
popbro. Uem Ooslbmie 03a TOKCHKaHTa (D), Tem 
MeHbIUe KOIPMUIMeHTHI a U Db, YMeHbILeHHe KO- 
TOPbIX IIPHBOAUT K pOcTy BKIaya KBaypaTH4HOro 
yyleHa B 3Ha4eHHe YaCTOCTH PUCKa 30poBbiI0O. Lem 
MeHbIUe 03a TOKCHKaHTa (D), Tem OsIMKe 3HAUe- 
Hue KBaspaTHyHOroO wieHa K 0, YTO NPHBOAUT K 
pocTy BkKJlayqla IMHeMHOM 4aCTH MOJeJIM B 3Hade- 
HHe 4acTOCTH JOMOUHHTeIbHOrO pucka. Tak Kak 
KkosmdulueHt Db 7oWKeH ObITb BCerya NWOuO%*K- 
TCJIbHbIM WICHOM, TO HeOOxXOyZHMO coOsFOZeHHe 
cileyyromlero ycnoBua — ge, ;/D2 > ge,2/D), a D; > 
D> umm ge, /D2< ge,2/D;, a D; < D2. Kosdduun- 
CHT @ BCera MOXKHO paccCuHTaTb Kak TMOJO%KH- 
TeIbHoe 4nc0. Ecun D = 0, To u ge = 0. 

OcylllecTBJIeHHe pacuyeTOB 4YaCTOCTH JONMOIH- 
TeJIbHOrO PHCKa C HCHONb30BaHHeM Modenu Beu- 
dyina-[ HedeHKO, TipeswMouararoulen yaeT cTeneH- 
HOW (OKCHOHCHIIMaIbHOH) 3aBHCHMOCTH MeKILy 
HO30H HU 3eKTOM, MO3BOJIMIIO YCTaHOBUTb Cie- 
WYyroulue 3aKOHOMePpHOCTH: eCIM O3bI WepBoro 
BelljecTBa HW BIOporo NpHOMM3UTeIbHO OAMHAaKO- 
BbI, TO, YEM MCHbILMe PasHOCTh M@XKAY YaCTOCTbIO 
IlepBOrO BellleCTBa HW YACTOCTbIO BTOPOroO Bellle- 
CTBa, TEM YaCTOCTb HeOarONpHATHBIX 3IPMeKTOB 
OT MHMKaTOpHOrO BelllecTBa MeHbille. Uem 
MeHbIMe COOTHOMICHHE JJO3bI IIepBOrO Bell[ecTBa K 
O3€ BTOPOrO BeleCTBa, TEM 4acTOCTb HeOsaro- 
IIPHATHBIX 9PeKTOB HuKe. Tak Kak KoodduMu- 
eHT b TOIKeH OBITS BCerda MOJORKUTeEIBHBIM 4WIe- 
HOM, TO HeEOOXOJMMO BbIIIOJIHeHHe CJIeyrOllero 
ycyloBHa: ecmu D; > D2, TO ge,; > gée,2; ecm D) < 
D>, TO ge,1 < ge,2. KosdduluentT a Bcergyja MOXKHO 


PpaCCdHTaTb Kak TMOJIOHKUTCIIBHOC GUNCJIO; CCJIM D= 





teria for the establishment of the list of priority 
substances were the availability and accessibility 
of adequate data on substances, affected popula- 
tion and toxicity. 

The use of linear-quadratic model allowed 
formulating the following intermediate conclu- 
sions: the frequency of occurrence of additional 
risk depends on the dose — the higher the dose is, 
the higher the probability of health risk is. The 
higher the dose of toxicant (D) 1s, the lower the 
coefficients a and b are, the reduction of which 
leads to an increase in the contribution of the 
quadratic term to the value of health risk frequen- 
cy. The lower the dose of a toxicant (D) is, the 
closer the value of the quadratic term to 0 1s, 
which leads to an increase of the contribution of 
the linear part of the model to the value of the rel- 
ative frequency of additional risk. Since coeffi- 
cient b must always be positive, the following 
conditions must be met: ge, ;/D2 > ge,/D), a D; > 
D2 or ge, /D2< ge,2/D}, a D; < D2. The coefficient 
a can always be calculated as a positive number. 
If D = 0, then ge = 0. 

The calculation of the frequency of additional 
risk using Weibull-Gnedenko model, assuming the 
account of power (exponential) dependence be- 
tween dose and effect, allowed us to establish the 
following regularities: if the dose of the first sub- 
stance and the second one are approximately the 
same, then the smaller the difference between the 
frequency of the first substance and the frequency 
of the second substance is, the less frequency of 
adverse effects of the indicator substance is. The 
lower the ratio of the dose of the first substance to 
the dose of the second substance 1s, the lower the 
frequency of adverse effects is. Since coefficient 
b must always be positive, the following condi- 
tion must be met: if D; > D2, then ge,; > ge,2; if 
D; < Doz, then ge,; < ge,2.. The coefficient a can 
always be calculated as a positive number; if D = 
Q, then the frequency of the health risk is 0. 


Safety 


DIA I V Ui D / 


of Technogenic and Natural Systems 





QO, TO MW YaCTOCTb PUCKa 30POBbiO paBuHa 0. 

OOoOWIMB OCHOBHbIC pe3yIbTaTbIl WpakTu4e- 
CKOrO IIPHMeHeEHHA MOJesIeH, MpeCTaBJICHHBIX B 
padotax II. A. BaraHopa, MoxKHO cdopmMyIMpo- 
BaTb CJI€YIOUMe OCHOBHBIe BBIBOBI: 

— ykKa3aHHble MOJeIM He YAMTHIBAIOT (U3HKO- 
XMMHMYeCKHe OCOOCHHOCTH BELIeCTB, CIOCOOBI I0- 
CTYIJICHHA B OpraHH3M 4YeOBeKa (WHTasAWMOH- 
HbIM, WepOpasIbHbIM, HAKOXKHbIM), WOJIOBO3PacTHBIe 
OCOOeHHOCTH OpraHH3Ma; 

— He€BO3MO2%KHO OICHHTb BO3JJeMCTBHe BCex 
MOTCHUMAJIBHO BPeCHBIX BEIIeCCTB; 

— BCCCTOPOHHAA OMeHKa PUCKa BO3eHCTBUA 
Ha 3JJOPpOBbe YeJIOBeEKa TOKCHKAHTOB XOTA H 2KelIa- 
TeJIbHa, HO pealIbHO HEOCYIIeCTBUMa H3-3a OOJIb- 
IWOro OObeMa UCCIIeOBaHuA WU TpeOyeMbIx MaTe- 
PHaJIBHBIX PeCypcoB, a TakK2Ke H3-3a OTCYTCTBUA 
aJIeKBaTHbIX JIAHHbIX OO YPOBHAX BO3JJeEHCTBUA U 
MOTCHUMANIbHON OMACHOCTH psa XMMHYeECKHX CO- 
eyMHeHUN; 

— pacuéThI 10 OOCHM MOJICJIAM HCKaxKalOT BBI- 
XOJIHbIe JJaHHbIe. OTHAKO, JIA ONCHKUM pucKa 30- 
POBbIO OT BeIIIeCTB, MOCTYMarolllux B OKpy7Kato- 
ItylO cpeyly, OobMIe NOAXONIMT UCMOb30BaHve 
JIMHEMVHO-KBapaTH4HOK MOJeIIM 3a CUCT BO3MOXK- 
HOCTH y4éTa JIMHCMHOM 3aBHCHMOCTH Me@XKLy 0- 
30H 4 39ddeKTOM OT Hee. 

B wWelIoM, Ha OCHOBaHHN BbIILIeH3J10x%x*CHHOrO 
IIpeACTaBsIAeTCA, 4UTO HAayYYHO-MeTOAMYeCKHe TO]- 
XOJIbI JIA OL[CHKU PHCKa 3J,0POBbFO B CJlydae M0- 
POrOBbIX BeIIeCCTB JOJDKHbI YAMTbIBATb HU OTpa- 
*KaTb: 

— 9KCIIO3HIIMIO BO3SJCMCTBYFOMerO BelleCcTBa 
(IIyYTb, BDCMA, KOJIM4eECTBO); 

— KOMIIJICEKCHOCTb, KOMOMHMPOBaHHOCTS, 
MHOFOCcpeJOBOCTb TMOCTYIJICHHA BeIIeCTBa B Op- 
TaHi3M 4eJIOBeKa; 

— cCHOCOOHOCTb BelljecTBa TpeBpalijaTbca u 
OOpa30BbIBaTb CJIOXKHbIC COCJIMHCHUA B BO3JLYII- 
HOM IIpoctpauctse [6]; 

— lTIpeybicTopuro 3a00ueBaHHH eloBeKa U 
HbIHeIIHee COCTOAHHE 3J10POBbA (BO3MO2%KHO 3a- 
IIOJIHCHHe AHKeTHI OOCIIeTyeMbIM) [7]; 

— Maccy Tella 4eJIOBeKa; 

— TIOJIOBO3PacTHble OCOOCHHOCTH OpraHi3Ma; 

— HeJIMHeHHY!0 CBA3b ME@X*KILY BEJIMYMHOU JO3bI 
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Summarizing the main results of practical ap- 
plication of the models presented in the works of 
P.A. Vaganov, it is possible to formulate the fol- 
lowing main conclusions: 

- these models do not take into account physi- 
cal-chemical characteristics of substances, ways 
of entering human body (inhalation, oral, skin), 
age and sex characteristics of a body; 

- itis impossible to assess the impact of all po- 
tentially harmful substances; 

- a comprehensive health risk assessment of 
toxicants influence, although desirable, is not fea- 
sible due to the large amount of research and ma- 
terial resources required, as well as the lack of 
adequate data on the levels of exposure and po- 
tential hazard of a number of chemical com- 
pounds; 

- calculations on both models distort the out- 
put data. However, to assess health risk from sub- 
stances entering the environment, it 1s more ap- 
propriate to use the linear-quadratic model due to 
the possibility of taking into account the linear 
dependence between the dose and the effect on it. 

In general, on the basis of the above men- 
tioned, it appears that scientific and methodologi- 
cal approaches to health risk assessment for 
threshold substances should take into account and 
reflect: 

- exposure of influencing substances (path, 
time, number); 

- complexity, combination, multi-mediality of 
the substance in the human body; 

- the ability of the substance to develop and 
form complex compounds in the air [6]; 

- past medical history of a human and the cur- 
rent state of health (it is possible to fill in the 
questionnaire) [7]; 

- body weight of a person; 

- age and sex characteristics of a body; 

- non-linear connection between the magni- 


tude of dose and effect, determined by it. 
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UW 9MeKTOM, e1O OOYCIOBIMBaeCMOM. 

Kpome Toro, OCHOBHOe OL|eHOUHOe ypaBHeHHe 
OJDKHO Oa3MpoOBaTbcaA Ha ypaBHeHHAX JIMHeHMHO- 
KBalIpaTH4HOU MOM, MOCKOJIbKY OHA MO3BOJIACT 
HOuy4aTb, MO-BUMMOMY, HanOolee OObeEKTHBHBIC 
pe3yIbTaTHI, JOMOJIHCHHeEM KOTOPON OIDKHAa OBITS 
CHCTeMa ypaBHeHHif, MO3BOJIAIOWIUX YUHMTbIBaTb 
HeOOXOJIMMBIe BBIIMLIeCHepeYHCICHHbIe YCJIOBHA 
llapaMeTppI. 

C pyro CTOpoHbI, WWIAa pelleHua mpo- 
OJIEMBI YXYAWIeCHHA KayYeCTBa OKpyKalolllel CpeybI 
HeOOXOJMMO Y4HTBIBATb HE TOJIbKO AaHTPOMOreH- 
Hoe BIIMAHMe Ha Hee, HO H pacCMaTpHBaTb Tak 
Ha3bIBACMY!O IIPHPOJHY!IO COCTABJIAIOLWLYIO OKpy- 
*Karomlen cpeybl. IIpu sTOM ee UcCceqOBaHve U 
yuer TIpu 
reorpam@uyeckoH OLeCHKH, OYeBH HO, MO3BOJIMT 


OCYIIeCTBJICHHU IKOJIOLO- 
TOJydaTb M@aKCHMaJIbHO OOBECKTHBHBIC pe3ylIbTa- 
TbI. B 3TOM CBA3H IIpeyCTaBsAeTCA euecooopa3- 
HbIM pa3paOoTKa MeTOAMKH OLeCHKH KIMMaTH4e- 
CKOHM KOMMOPTHOCTH TeppuTOpUH, KOTOpasd Oa3H- 
pyeTca Ha COOTBeTCTBYFOMNeH KOHIeCHWMH KJIMMa- 
THYeCCKOH KOMMOPTHOCTH HM BKJIIOUACT PA, WOKAa- 
3aTeIeH yueTa BIIMAHHA IIpMpoHOM cpeybI Ha 4e- 
mosBeka [8, 9]. 

Mertoyuka nmpeyqmosaraeT pacueT payja OuoMe- 
TEOPOJIOrMYeCKUX TWOKa3aTeuen, a TakoKe OlIpese- 
eHue U UATeplipeTauMio MHTerpasibHOro MO0Ka3a- 
TeJIA KIMMaTHuyeckou KoMoptTHoctTu (MITbK). 

B yacTHOcCTH, Ha IepBOM 9Tale OlleHHBaeTCA 
TeIJIOBOe BO3JIEHCTBHe Ha OpraHi3M Ip MOMOIIM 
TaKHX  WapaMeTpOB, Kak:  9KBUBaJICHTHO- 
acddekTHuBHad TemilepaTypa (ET), Ouonormyuecku 
aKTUBHad Temilepatypa (bAT), paqualMoHHas 9K- 
BUBaJICHTHO-3MeKTHBHaA TeMiepaTypa (PIIT), 
CaJIbqO TelIOBoro OaslaHca Teja 4eoBeKa (Q). 
BrTopou 9Tan peaM3allu4v MeTOAMKU Npesznouara- 
CT OCYIIIeCTBJICHHe ONeCHKH CTelMeHH WaTOreHHo- 
CTH MeTeoycoBuH (1). Ha Tpetbem 9Tatie mpeyy- 
CMaTpuBaeTCA OleHHBAaHHe IOTeHWMalla CcamMo- 
OUMINeHUA ATMOCHepsI (KM). 

VntTerpabHpii §=oKa3aTeIb §=OvOKIMMaTHYe- 
CKOM KOM@OPTHOCTH, Kak MTOr pealM3al[uu OMu- 
CaHHOM MeTOJIMKH, WpesiaraercaA OlpeyeiAaTb B 
BHJIe CYMMBI OasJIOB OHMOKIMMATHYeCKON OLCHKH, 


MOJY4CHHbIX Ha Tpex dTalax. Pa3spaOoTaHHbIit HH- 





In addition, the main estimation equation 
should be based on the equations of the linear- 
quadratic model, since, apparently, it allows ob- 
taining the most objective results, supplemented 
by a system of equations, allowing taking into 
account the necessary conditions and parameters 
listed above. 

On the other hand, to solve the problem of en- 
vironmental degradation, it is necessary to take 
into account not only the anthropogenic impact 
on the environment, but also to consider the so- 
called natural component of the environment. At 
the same time, its research and taking into ac- 
count in the implementation of environmental and 
geographical assessment, obviously, will allow 
obtaining the most objective results. In this re- 
gard, it is advisable to develop a methodology for 
assessing the climatic comfort of the territory, 
which is based on the relevant concept of climatic 
comfort and includes a number of indices for the 
influence of the natural environment on humans 
[8, 9]. 

The methodology involves the calculation of a 
number of biometeorological indicators, as well 
as the definition and interpretation of the integrat- 
ed indicator of climatic comfort (ICC). 

In particular, at the first stage, the thermal ef- 
fect on the body is estimated using such parame- 
ters as: equivalent-effective temperature (ET), 
biologically active temperature (BAT), radiation 
equivalent-effective temperature (RQET), the 
balance of the thermal balance of the human body 
(Q). The second phase of the methodology in- 
volves assessing the pathogenicity degree of 
weather conditions (I). The third stage involves 
assessing the potential for self-purification of the 
atmosphere (Kim). 

As a result of the described technique, the in- 
tegral index of bioclimatic comfort is proposed to 


determine in the form of the sum of bioclimatic 
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TerpasIbHbIM MOKa3aTeJib, MPeACTAaBIAIOWIMH COOOK 
CYMMy OaJWIOB BCeX Tpex 9TAaMOB OICHKUM KJIMMa- 
THYeCKOH KOMMOPTHOCTH, YHUBepcasieH JIA JIKO- 
Oo UCcCIeqyeMOH TeppuTOpuU VU MO3BOJIAeCT BBI- 
ABUTb TakKHWe XapaKTepHCTHKH, Kak: KOM(@ODNT, 
JMCKOM@OpT MW YyMepeHHbIM ucKOM@opr. IIpu 
9TOM YYTCHO BaKHOe BJIMAHHe COOCTBeEHHO Me- 
TEOPOJOrMYeCKUX (aKTOPOB Ha 3JJOPOBbe, a TaK2Ke 
BO3MOXKHOCTh CHWKCHHA 3alpxA3HCHHOCTH TPOrO- 
cibepbi BCeICTBHe ee NOTCHIWMasa K CaMOOUMIITe- 
HUI. 

OueBH HO, 4YTO JaHHoOe MpeycTaByeHuve O He- 
OOXOJMMOH pealM3alvyu Tpex 9TallOB OLeCHKH 
KJIMMaTH4eCKOU KOMOPTHOCTH, a TakoKe IIpHHA- 
THe BO BHMUMaHve TakKux OMOMeTeEOpOMOrM4ecKux 
WHJICKCOB HW WOKa3aTeyieH, Kak ET, BAT, POOT, 
Qs, I, KM, aBiIaeTCA ABTOPCKUM TIOJXOJIOM K pe- 
IWCHHIO TpOOJIeEMbI pa3spaOoTKH MoKa3zaTea yio- 
MAHYTOU OLCHKUH. 

3akso4eHne. B 3aKkJIKOUeCHHH CTONT OTMe- 
THTb, 4YTO pa3padoTaHHbIe MOAXObI MO3BOJLAT 
OI[CHHBaTb PUCK 3J0POBbiIO HaceJIeHuA, CBA3aH- 
HbIM C AHTPOMOreHHOUW COCTAaBIIAKOMIeH, a OPHIu- 
HaJIbHaa KOHICHIIHA OI[CHKU 9IKOJIOFO- 
KIIMMaTH4eCKOH KOMMOPTHOCTU OOeCIIeYHT BCe- 
CTOPOHHOCTh yyeta (PakTOPOB NPUpoOAHOU cpesbI, 
4TO, B CBOIO OY4epe;b, OyeT CIOCOOCTBOBATh M0- 
BbIMICHHIO + OObCKTHBHOCTH OCYII[CCTBJIACMBbIX 
OICHOK, HallpaBJICGHHbIX B KOHCYHOM UTOre Ha 
yiyulleHve KavecTBa %KH3HH HaceJIeHua B paM- 
KaxX aKTyaJIbHOrO «YCTOMYMBOLO pa3sBHTHA 4elI0O- 


BCUCCTBA>>. 
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evaluation obtained at three stages. The devel- 
oped integral index, which is the sum of all three 
stages of the of climatic comfort assessment, is 
universal for any area and allows you to identify 
characteristics such as comfort, discomfort and 
moderate discomfort. This takes into account the 
important impact of meteorological factors on 
health, as well as the possibility of reducing the 
pollution of the troposphere due to its potential 
for self-purification. 

It is obvious that this idea of the necessary 
implementation of the three stages of climate 
comfort assessment, as well as taking into ac- 
count such biometeorological indices and indica- 
tors as ET, BAT, RQET, Qs, I, Km, is the au- 
thor's approach to the problem of developing an 
index of the mentioned assessment. 

Conclusion. In conclusion, it should be noted 
that the developed approaches will allow you to 
assess the health risk associated with the anthro- 
pogenic component, and the original concept of 
environmental and climatic comfort assessment 
will provide a comprehensive account of envi- 
ronmental factors, which, in turn, will contribute 
to the improving the assessments objectivity, 
aimed ultimately at improving the quality of life 
of the population within the framework of the 


current "sustainable development of humankind". 
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